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AccuTru International, in cooperationwith representativesof the four primary segmentsof 
the glass industry, with support from the Department of Energy, undertook a project to 

significantly improve temperaturemeasurementin glassmelters. The impetus for this was 
the desireto reduceenergyusagethrough improved processcontrol. AccuTru conducteda 
study of the needsfor improvement of temperaturemeasurementin the glassindustry. The 
primary need,according to the survey,wasto find a way to identify in situ decalibration in 
platinum-platinum/platinum-rhodium thermocouples. Additional improvements desired 
included improved range, accuracyand repeatability. 

AccuTru conducted a seriesof tests designedto produce a new sensortechnology for the 
glassindustry.. Testing detenninedthat a new type of protective sheathwould be required 
to move forward on that path. As a result, AccuTru begin to study advanced sheath 
materials, and preliminary results show significant improvements in this area. In 
cooperation with Corning, Incorporated, the University of Missouri-Rolla ceramics 
department conducted a in-situ test of several alternative sheathmaterials, one of which 
shows significant promise. However, due to the time limitations of the study, further 
developmentof the material was not possible. However, AccuTru is continuing to fund the 
research and development of this material. In addition, further conversations with 
representativesof the glass industry causedus to seekapproval for a modification to the 
project to focus the primary efforts on development ofa self-verfying sensorsystem. This 
modification was approved by the Deparment ofEnxery, with the approval ofa second 
phaseof the project, with the focus on improvements to the self-verifying feature of the 
sensorand the accompanying electronics neededto support the new sensordesign. 

Bench testsconfirmed the feasibility of the self-verifying sensortechnology. Two sensors 
were constructedusing this new design. Arrangements were madeto install the sensorsin 
two tanks at a Corning facility. One system was installed in an oxy/fuel furnace and the 
other in an air/fuel furnace. Using a proprietary alumina sheath technology, Corning 
estimatedthe sensorswould last approximately 90 days in the furnace locations selected, 
basedon previous experiencewith alumina sheathedthermocouples. The objective was to 
use materials that would begin to degradein a reasonabletime so that we could test and 
validate the self-verifying features of the self-verifying sensorsystem. 

Locati onsof the sensorswere betweentwo exi sting sensorsthat reporteddatato the control 
room. By comparing the readouts of the two adjacent sensorswith the self-verifying 
sensor,it was possible to extrapolate the performance of the self-verifying sensor. In 
addition, our internal data analysis methodology was able to validate the readings in 
comparison to the data reported by Corning. 

1- 1




The perfonnance of the sensorsexceededexpectations. As ofJanuary 15,2000,the sensors 
were both perfonning within standardlimits of error, well beyond the projected life for this 
test. The plant test identified severalissuesthat neededto be addressed.Oneof theseis the 
needto further enhancethe electronics component's resistanceto plant noise, and second, 
the need for additional research on the development of enhanced protective sheath 
materials to replace the platinum currently used. 

AccuTru is continuing the development of advanced protective sheath materials as 
replacementfor platinum probeprotection. Oncethesenew materialsaredeveloped,it will 
be possible to increasethe upper temperaturelimits of the self-verifying probes. 

Accomplishments include the demonstrationof the validation feature of the self-verifying 
sensor system. In addition, the project demonstrated the accuracy of the SVS system 
versus the calculated test port temperature (TPT). Precise repeatability tests in melter 
service are not possible due to absence of a traceable standard. Laboratory testing 
demonstratedrepeatability. 
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2.0 Introduction, Review of Phase I, 

Project and Phase II Objectives, 

and Phase II Tasks 

2.1 Phase I Summary 

The U.S. Department of Energy hasidentified sevenmajor industry groups ashigh energy 
consuming industries. The DOE decidedto assisttheseindustries in reducing their energy 
consumption, thereby reducing pollution and increasing efficiencies that will allow for an 
improved competitive position in the world market. The U.S. glassindustry is one of the 
sevenindustries consuming approximately 300.0 x 1012BTUs of energy annually. One 
area identified by the industry and DOE where improvement will make a substantial 
contribution to the DOE's objectives is improved temperaturemeasurementin the melting 
and delivery systemsof the glass making process. 

The Department of Energy becameawareof conversationsbetweenAccuTru and Corning, 
Incorporated concerning solutions to temperaturemeasurementproblems in the melting 
and forehearth areas and granted an award to AccuJ'ru for research, development, and 
demonstration of an advancedtemperaturesensorfor the entire glass industry. 

The initial statementof work was preparedusing the bestdataAccuTru could securefrom 
the DOE, available public literature, and limited accessto the industry (due to proprietary 
concernsof the companies.) As the project proceeded,a better understandingof the glass 
industry was obtained, regarding their real needs,wants, and future desires. 

AccuTru conducteda needsanalysis survey amongemployeesof the industry participants 
(Corning Incorporated, Libbey-Owens-Ford, Owens-Corning, and Anchor Glass 
Container) and developed a very close working relationship with plant furnace operators, 
systems engineers, technicians, and managers. The information gained as the project 
proceeded made it obvious that, in order to make a substantial impact on the glass 
industry's temperature measurementproblems, more than an improved glass sensorwas 
needed. 

The single greatest problem, according to the survey, and confirmed in follow-up 
discussions,is the inability to identify in situ decalibration (drift). Any advancedsensor 
that is more rugged and reliable still has the uncertainty of drift and, therefore, is only 
marginally more useful than what is being usedby the industry today. 
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For this project to be considereda successby the glassindustry, and to meet the original 
desires ofDOE, the project required the development of an advancedsensor system that 
includes: 

A more rugged, reliable sensor, 

.High quality inner protective sheath, 

Improved data transmission that is hardened to the environment of the melt 
tank surroundings, 

A system that reduces or eliminates in situ decalibration (drift), 

.An improved outer protection sheath 

During Phase I of the project, AccuTru pursued the advanced sensor development 
identified in the original "Statement of Objectives" and,at the sametime, with concurrence 
of the Department of Energy, shifted resourcesto addressthe other problems identified by 
industry. All or most of theseproblems neededto be resolvedin orderto make a major step 
forward in temperature measurement in the glass industry. Through Phase I, testing 
determined the feasibility and preliminary performance characteristics that met or 
exceededthe project criteria. 

Temperature System Requirements 

Smart Temperature Monnoring System 

Although not initially consideredatthe inception of the project, the capability to determine 
the magnitude of drift, or decalibration, in a primary tank measurement system was 
determined,by the surveys,to provide the principal benefit to the glass industry. Further 
analysis determinedthat the ability to identify, and within limits, correct for drift would be 
a significant step forward in the measurementof temperature using thermocouples. 

Improved Range, Accuracy, and Repeatability 

Industry responses indicated a consensus ofperfonnance parameters requested by the U.S. 
glass industry included: 

Increased Upper Operating Range: 

An improved operating range to 1700°C. 
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Improved Accuracy: 

Better accuracy,especially over the upper operatingranges,to within +1-0.5% over the life 
of the sensor. 

Improved Repeatability: 

Better capability to return to a previously establishedtemperaturesetting, especially over 
the upper operating ranges,to within +1-0.1% or better. 

Improved Lffetime: 

Better sensorlifetimes were determined to be important to the U.S. glassindustry. Sensor 
replacementin primary melt tank applications is especially difficult. In many cases,if a 
sensorfails, it cannotbe replaceduntil the endof a campaign. If there aremultiple failures, 
this createsa significant control problem. A consensusof industry participants is for a 
better sensorlife expectancyof between five and ten years. 

Ease of Replacement: 

An important aspect of the new sensor design was determined to be the ease of 
replacement. When sensorsare directly inserted into the melt region, a sensorthat canbe 
replacedwithout disturbing the outer protective sheathwas determinedto offer high value 
in the reduction of maintenancecosts. 

Other requirements: 

Thennal shock resistance-the ability to withstand fracture stressesimposed by sudden 
insertion into the primary melt tank interior during sensor replacement; Vibration -

Immunity to the wide variety of frequency andamplitude vibration spectrumsthat exist in 
modem glass manufacturing plants; Common Mode Noise Rejection -600 VAC; 
Electrical Leads: Systemmust accommodateup to 150foot lengths oflead from the sensor 
to the remote electronicsunit and400 foot leadlengthsbetweenthe remote electronicsunit 
and the control room electronics; Signal Conditioning Electronics -The criteria for the 
electronicspackagewas anoperating temperatureof up to 70°C, with a dimensional sizeof 
5" x 5" x 5"; Primary tank insertion depth of the sensoris in a range from 0.5" to 10", 
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I Conclusions and Recommendations, 

and Objectives of Phase II 

Through Phase I the project demonstrated in the laboratory tests that it is possible to 
addressfour of the five problem areasand that, with the assistanceof the University of 
Missouri-Rolla's materials group, it may be possibleto addressthe fifth problem, the outer 
protective thimble. It hasbeendemonstratedin the laboratory that it is possibleto solvethe 
major identified problem, the inability to identify in situ decalibration (drift). 

Based on the perfonnance of the test sensors,it was recommended that the Phase n 
"Statement of Objectives" be modified to add the following tasks: 

Develop and test hardware and software unique to the glass industry that will capturethe 
multiple signals generated by the Advanced Sensor developed in Phase I. The new 
hardware will analyze the data and report both temperature and confidence level 
indications that the sensoris reporting data that is within special limits of error, standard 
limits of error, or limits establishedby the user. 

The secondtask addedto the project in phaseII was the development of an advancedouter 
protective sheathmaterial for glass sensors. 

Phase 
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Overview of Advanced Temperature Measurement System for 

the U.S. Glass Industry Melt Tanks and Delivery System 

Introcjuction and Project Objectives -Phase II 

There are five primary objectives of this project. They are 1) A more rugged, reliable 
sensor, 2) High quality inner protective sheath, 3) Improved data transmission that is 
hardenedto the environment of the melt tank surrounding,4) A sensorfor the glassindustry 
that reducesor eliminates in situ decalibration, and5) An improved outer protection sheath. 
PhaseI made significant progress in four of the five areas. Testing for improved outer 
protection sheathwas part of PhaseII. During PhaseII additional improvements were 
made in objectives I through 4 and advancementswere identified in the outer protection 
sheath(thimble), objective 5. 

As Phasen developed,basedon host site requirements,economic considerations,andnew 

This was accomplishedwith the approval of theDOE TechnicalMonitor, AccuTru's PI and 
the host site project manager. As an example,it was decidedto reducethe number of test 
melters from four to two. One oxy/fuel and one air/fuel melter were used in the Phasen 
evaluation. It was decidedthat the test datafrom this combination of crown regions of the 
melters would be the most cost-effective method without reducing the validity of the data 
or the quality of the project. 

Phase II Objectives 

With the completion of the development and testing conducted in Phase I of the project, the 
objectives of Phase n were to test and demonstrate sensor performance in a typical 
manufacturing environment. The following are the specific objectives for Phase II: 

.Demonstrate the verification function (The SVS System notifies the operator 
when the system startsto becomeimpaired), 

.Demonstrate accuracy of the SVS System as compared to the neighboring 
operational sensors,and 

.Demonstrate the life of SVS Systemas compared with other temperature 
measurementdevices in similar protection wells (thimbles). 
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2.4 Phase II Tasks 
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3.1 Modification of prototype sensors 

Two modifications were required in the initial sensordesign. The first required a redesign 
of the sensor's inner protective sheathdue to continual failure of the ceramic protective 
sheathmaterial in the prototype sensorsthat were tested. 

The initial designof the glasssensorscalled for a leak-tight ceramictube. The literature on 
ceramic tubes and infoln1ation obtained from manufactures of ceramic protection tubes 
indicated that the ceramicswould remain leak-tight at 1750°C. 

AccuTru testedsevensetsof ceramic protection tubesto 1750°C and all failed to maintain 
integrity within a period ofeighthours after the furnacewas raisedto 1750°C. Initially, we 
believed that the failure was the result of improper sealing of the sensor around the 
thermoelementsat the cold end of the sensor. However, extensivetesting and monitoring 
using helium leak detectingequipmentdeterminedthat the sealsmaintained their integrity , 
but the failures were ascertainedasoccurring atthe ti p of the sensor,in the region where the 
end of the tube was closed during manufacture. Thesetestsdetermined that the literature 
and information provided by the manufacturersregarding leakageof the ceramic sheathat 
temperaturecould not be validated and that, when heatedto the temperaturesat which the 
sensorwas designedto operate,the ceramic sheaths,regardlessof manufacturer, did not 
maintain integrity . 

A second modification of the sensor design was required at the request of Corning, 
Incorporated. After extensive discussionswith melt directors and other members of the 
Corning technical staff, Corning askedthat the sensorbe redesignedto eliminate someof 
the metals used in the prototype sensor. There was concern that if one of the sensor 
protective sheathsfailed, and the internal materials of the sensorwere exposedto the melt 
furnace environment, the metals could separateand fall into the melt, causing serious 
problems, which could result in a substantial loss of glass due to contamination. 

A thorough analysis of alternative thermoelement configurations was conducted. It was 
determined, through this assessment,that all of the thermal materials from the original 
design would need to be changed in order to preserve compatibility and meet the 
requirementsof the Corning technical staff. Thus a complete reconfiguration of the sensor 
elementswas required, replacing the initial configuration of sensorelementswith different 
thermoelements. 
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3.2 IModification of the electronics 

As the development of the AccuTru's non-glass SVS concept was refined, it became 
apparentthat therecould be significant gains madein theperformanceof the glasssystemif 
we migrated from a mechanical/electrical -analog/digital systemthat was developed for 
the glass sensor,to an electronic digital remote electronics unit. Working with one of 
AccuTru's alliance partners, Scientific Microsystems of Tombal, Texas, a new printed 
circuit board was developedthat could replace the prototype electro-mechanical system. 

The new microprocessor basedcircuit board provided improved accuracy, provided for 
enhanced logic capabilities, and increased the frequency of sensor interrogations, thus 
providing improved responsetime. The initial instrumentation was driven by the 8V8 
software, from the data terminal, which activated the data terminal to query each 
sensor/electronicsmodule on the loop for raw data. Oncethe datawas collected, the data 
terminal software performed the analytical work required to calculate and display a 
temperaturereadout,indication of sensor'shealth, andvalidate the confidence level of the 
temperaturereadout. 

The new printed circuit board contains its own CPU (central processingunit). It is a stateof 
the art smart transmitter performing all of the calculations and analysis for the attached 
sensor,and making available the validated sensor output and health to any connected 
electronic system. With this new enhancedsystem,the only function of the dataterminal is 
to query the boards and display the data on the screen. This new methodology allows for 
very fast responsetime, and prevents total system failure because each sensor and its 
transmitter operatesindependently of the data terminal. With the implementation of this 
new hardware, data from each sensoris processed2-4 times per second. 

In addition, the new board provides a digital 24 bit resolution with a 16bit 4-20 milliamp 
output, or other output protocols for direct output of the SVS data into a DCS or PLC 
systemwhen requested. Along with the addition of the temperature reading, the system 
provides for periodic transmission of the sensorhealth. A DCS system can be set up to 
display sensorhealth, along with output temperature. This data can be integrated into an 
existing systemwithout the need for an operator to monitor an additional CRT. 

A half-duplex datalink using a serial interface bussprovides communications betweenthe 
microprocessor based electronics unit and the data terminal for both configuration and 
monitoring of sensoroutput. Since signal processingoccurson the individual board, there 
are no limits to the number of sensorsthat can be handled by the data terminal. 

The microprocessor based electronics module is configurable to the user's needs. It 
collects datafrom the sensorand canapply selectedsmoothing anddatafiltering according 
to the data collection parametersestablishedby the user and downloaded to the board at 
installation. 
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With the development of the new microprocessor based electronics modules, it was 
necessaryto createa new software package. The initial software was rewritten to provide 
two new software packages,onefor the dataterminal, and a secondfor down!oadingto the 
electronics board. Becausethe electronics modules perform the mathematical and logic 
calculations that formerly were managedby the dataterminal, new software was required 
that could be downloaded to the board, enabling thesefunctions to be carried out on the 
board instead of the data terminal. 

The data tenninal software was rewritten to eliminate all of the mathematical and logic 
calculations that are now perfonned on the remote electronics board, and enhancedto 
provide rapid data collection and display. In addition, a module was addedto the software 
to enableusersto download the operational software to the microprocessor boards. 

Figures 3.1 is a high level software flowchart usedto preparethe necessaryalgorithms used 
to process incoming data from the sensor. Figure 3.2, is a high level flow chart used to 
processdata that is used to validate the temperaturereadout. Figure 3.3 is a high level 
flowchart usedfor the algorithms that determinethe condition of the sensor. A confidence 
level is also computed eachtime the sensoris evaluated. In general, thesefunctions were 
not changedfrom the initial electronicscomponents,exceptthat the codewas rewritten and 
modified to take into consideration some of the advanced features of the new remote 
electronics board. 

3.3 Bench top testing, verification, calibration and final 
checkout 

Once it was agreedto modify the design of the sensor,a new setof prototype sensorswere 
built. At the completion of the build, a setof three sensorswas testedto 1750°Cin a bench 
test. The initial test determined that the sensorsperformed as designedin the laboratory 
environment. As a part of the benchtop testing, it was necessaryto develop new datasetsto 
convert sensor output into temperatures. These tables were then installed in the SVS 
software. Once the new data setswere installed, a secondabbreviatedtest was performed 
on the sensorsto be sentto Corning to check their performance against a NIST traceable 
standard. With the new data sets,the sensorsperformed better than the specified limits of 
accuracyin the laboratory test furnace. Theselimits, as defined for the Corning Testwere 
chosento be StandardLimits of error for a Type"S" andType "R" Sensorsof .25% and .5% 
for a Type "B" sensor in the expectedtemperature range. 

3.2.1 Revisions to Software 
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3.4 ~)heath test results 

The primary method of sensorprotection in the glassindustry is aplatinum sheath.Theuse 
of platinum is problematic in that, dueto the corrosive natureof the tank environment, the 
sheathsprovided limited lifetime and sensorreliability. In addition, the platinum inventory 
required, and loss of material is a considerable expenseto some of the the companies 
involved. 

One of the objectives of the project was to detemline if a better candidatesheathmaterial 
was available. The objectives included improved corrosion resistance, improved life, 
improved high temperature creep resistance, and a design that would allow simple 
replacement of the internal sensorif needed. 

Literature and data relating to candidate sheath materials for use in primary melt tank 
environments was reviewed. Attention was given to the nature of the corrosive attack on 
the materials, and design and processing parametersthat are known to extend the life of 
thesematerials in melt tank environments. 

A total of eight materials were selectedfor evaluation testing. Someof the materials have 
the samechemical composition, but were fabricated by differing processingmethods. The 
primary requirementswere: 

Material is known or expectedto be resistant to corrosion from both the 
crown and melt regions of primary melt tank environments. 

Material is known to possesshigh creep stressresistanceat melt tempera
tures. 

Material can meet manufacturability requirements. 

Material is readily available 

Material is cost effective. 

Material meets requirements for fabrication into an outer protective sheath 
for the advanced temperature sensor. 

Materials should be compatible with molten glass from a defect standpoint. 

AccuTru, and its consulting associate, Dr. Jeff Smith, University of Missori -Rolla, in 
cooperation with Coming, Incorporated, conducted a series of tests and evaluations on 
thermocouple sheath materials. 
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The first was a post-mortem characterization of used thermocouple sheaths. Alumina 
protective sheathsfrom four different glass tanks were provided for analysis. Two of the 
sheathswere from oxy-fuel fired tanks and two were from air-fuel tanks. All of the tanks 
were used to melt glasswith similar type of composition. AIl four sheathspecimenswere 
visibly coIToded. The sheathsfrom the air-fuel tanks had been in place less than 1/2 the 
time asthe sheathsin the oxy-fuel tanks although all sheathsshowedsimilar wear patterns 
and degradation. 

CL (Color Luminesence)microscopy and SEM (ScanningElectron Microscope) analysis 
indicated that the alumina sheathsreacted with CaO and MgO to form CaO(Al2O3) A 
small amount ofMgAl2O 4was alsodetectedon the sheath. Therewas evidenceof calcium 
aluminate material acrossthe entire portion of the sheaththat was exposedto the process 
gasses. The formation of the calcium aluminate resulted in a large volume increasein the 
sheath,opening large cracksalong the length of the sheath. Thesecracks allowed process 
gassesto attackthe exposedplatinum thermocouple wires, causingcorrosion that failed the 
thermocouple wires. The formation of the above noted compounds suggest that the 
corrosion is the result of batch carryover and/or volitization from the melt surface. 

3.4.1 Laboratory Corrosion Studie~i 

In addition to alumina, two additional candidate materials were considered. Thesewere 
yttria and zirconia. A laboratory test was conducted using samplesof thesetwo materials 
along with representativealumina samples. Specimenswere suspendedabove a crucible 
filled with 50 wt.% flux, 40 wt.% silica, and 10wt.% CaO. The furnace temperaturewas 
raised to 1500 and 1600°C and held for 6 to 24 hours. 

SEM characterization of the corroded specimensfound that CaO had reacted with the 
alumina standardmaterial to form the samecalcium aluminate compoundsobservedin the 
post-mortem study. Some degreeof reaction had occurred at all temperaturesand hold 
times. As expected, more corrosion was observed for the higher temperatures and the 
longer hold times. Neither the yttria nor the zirconia showed signs of reaction during the 
laboratory corrosion studies. 

3.4.2 Industrial Men Tank Study 

Coming, Incorporated provided one of their furnaces to evaluate candidatematerials. An 
oxy-fuel glass tank was selected. The final procedure involved extending candidate 
materials and an alumina standardinto the furnace through an observation port. A port 
location that was easyto monitor and providing the most severeconditions was selected. 
The averagetemperaturein that region of the tank was in excessof 1500°C. AIlofthe 
specimenswere left in the tank for 15 days, after which they were retrieved for micro 
structural analysis. 
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Direct observation of the specimens revealed that the alumina standard was greatly 
affected by exposureto the gases. Volume expansionwas noticeable and spalling of the 
surfacewas easily observed. SEM/EDS analysis revealedthat a calcium aluminate layer 
had fonned on the surface of the standard,consistent with previous studies. The yttria 
candidate materials also showed a small degreeof reaction with the CaO in the system. 

In this instance,the CaO reactedwith free silica in the surfaceof the yttria compositions to 
form calcium silicate. Calcium silicate hasa relatively low melting temperatureandwould 
adversely affect the performance of a sheathcomprised of yttria. The yttria used in the 
creation of the samplehad a 99 wt.% purity, with the balance predominately silica. The 
high density, zirconia sheathmaterial was not affected by the 15 day exposure. 

To best accomplish the objectives of the project, it was decided not to fabricate outer 
protective sheathsusing the more exotic materials investigated in this effort. These 
materials are currently being evaluatedto determinetheir suitability for proposedfurther 
improvements to the SVS glasssensors.In particular, AccuTru is continuing the evaluation 
of the zirconia sheathmaterials and anticipates future testing in a glass melt tank. 
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4,.0 Host Site Melter Selection and Test Criteria 

4.1 Host Site Locations 

The initial design of the project called for onetest furnace from eachsegmentof the glass 
industry. The test plant sitesneededto be willing to provide furnace accessand technical 
assistancefor the installation, in addition to clearancefor insertion of "foreign" sensors 
into the melt environment. During the development and testing period, one of the 
companies agreeingto participate in the betatesting was sold and the new owners closed 
the plant, which was scheduledto receive the test sensors. Two of the other beta test sites 
opted out of the processdue to internal corporate constraints on time and budget. It was 
ultimately determinedthat the useof two furnacesat Corning would provide sufficient data 
to validate the performance and reliability of the sensorsin a 3 to 4 month test. 

4.2 I:stablishing Test Criteria 

Testprotocols andprocedureswere developedandforwarded to the Department of Energy 
for review. The plan included a text matrix, andwas expandedto a minimum of3 months. 
AccuTru was responsible for the supervision of the installation, performing the initial 
calibrations, monitoring of initial operations, and making of any required adjustmentsto 
customizethe systemto the host furnace operations. The test criteria included comparison 
of the life, stability, accuracy,andvalidation of temperaturedatawhen comparedto sensors 
currently in place in the glassmelt furnaces. 

Test (:riteria 

Construct two SVS probes that met or exceeded Coming's requirements for 
insertion into a melt tank. 

Construct two thimbles that met or exceeded Coming's requirements for insertion 
into a melt tank. 

Install one each in crown of the selectedmelters. 

The systems were to be installed in the most hostile section of the melters if 

possible. 

Theimmersion depthwas to be ascloseto what is typical of the active sensorsin the 
other measurementports. 
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The temperaturestandardsareto be the operational sensortemperatureson either 
side of the test probes. Using estimatedtemperaturedifferentials and any known 
error corrections the test port temperatures(TPT) will be estimated. Deviation of 
more than 4.25°C from the TPT will be consideredfailure. 

Validation feature verification shall be againstthe TPT. 

The life standard for the beta test system alumina configuration was estimated to be 
3 -6 months of service in a hostile environment. 

Mid-test modifications to the electronics are permitted, but not to the probe. 

Data from each,test unit shall be collected at least every 20 minutes while the probes 
.. 

are In servIce. 

Short term testing at higher data collection rate may be done to check the 
responsivenessof the test probesto furnace temperature changes. 

The data will be forwarded to AccuTru monthly. 

AccuTru developed the test criteria, with the input of Coming and DOE. The original 
criteria and modifications were reviewed with and approved by DOE. 
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5.0 Design and Construction 

of the SVS/3500 Sensor 

5.1 Outer Protective Thimble 

The sensordesignincludes both an outer protective thimble and an inner protective sheath 
for the sensor. Both the thimble and sheathwere constructedusing high purity alumina. 
The protective thimble was a closed end alumina ceramic sheath,provided by AccuTru, 
approximately .987 inches in diameter. The thimble was cementedinto a stainlesssteel 
mounting unit, which was threadedto accommodatethe SVS/3500 sensor. The mounting 
unit was 2.5" in diameter, by 2" in height. The weight of the mounting unit allowed the 
assembly to be inserted into the temperature measurementport and remain in a vertical 
position once the sensorwas installed, without having to make an FPT connection to the 
furnace. 

The outer protective thimble was designedsothat should it fail, the alumina would remain 
suspendedin the port andnot fall into the melt. In consultation with Coming andthe DOE, 
we elected not to platinum coat the thimble. AccuTru and Coming wanted to monitor the 
verification processasthe systemfailed andwithout platinum protection of the thimble, we 
anticipated that the bare alumina would causethe sensorto fail at a significantly faster rate 
by speedingup failure mechanisims..Based on past experience, it was estimatedthat the 
alumina sheathwould fail during the 90 day test. 

As part of the project, AccuTru conducted researchinto candidate ceramic materials that 
might replace the use of platinum in glass melters. The research was conducted in 
associationwith Dr. Jeff Smith at the University ofMissori -RoIla, and Coming. 

The first phaseof the researchproject was to study the failure mechanisims of sensorsfrom 
a representative glass melter. At the completion of the analysis, three types of ceramic 
material were selectedfor inclusion in the test. Thesecandidatematerials were thentested 
in a laboratory melter, The glasscomposition was a soda-Iime-silica glasswith high alkali 
(Modified ASTCM C-621) The candidate materials were exposed to a temperature of 
1700°Cfor periods offrom 6 to 24 hours,using a platinum crucible with castablebackup in 
a densemagnesiachamber. 

After the completion of this phase of the research, candidate materials were selected for 
introduction into a glass melt tank for further corrosion studies. 

Candidate materials were securedto 2" diameter alumina tube and extended into crown 
region of glasstank. An alumina sheathmaterial usedascontrol. Placementlocation in the 
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furnace was deteffi1inedby Corning representatives. The specimenswere removed after 
14 days in the tank. 

An analysis of the alumina control showed evidence of calcium specie( s) (likely from batch 
carryover)that reacted with the alumina to form calcium aluminate compounds 

(predominantly CA6) 

Yttria Composition 

Calcium specie(s) reacted with free silica in yttria and alumina paste used to hold 
specimensin place to form calcia-alumina-silicate layer on surface 

DenseZirconia Composition 

No corrosion detected,cracks observedafter heat treatment causedby thermal stresses. 

Conclusions drawn show that limited signs of vapor corrosion detectedin post-mortem 
analysis or in industrial corrosion test, instead batch carryover seemsto have causedthe 
observed degradation Vapor species may playa secondary role, serving to flux the 
compoundsthat form from reaction of the batch carryover with the sheathmaterials. 

Figure 5.1 Photographs of test samples in sample holder prior to placement in melter and 
samples shown after completion of the test. 

Dense materials and materials with reduced levels of impurities are more resistant to the 
glasstank environment 

Free surfacereductions havea large impact on performance, demonstratedby the fact that 
high density versions of alumina showed marked improvement in corrosion resistance. 
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Reactions more readily occurred with impurities than with the base materials. Sheath 
material chemistries can be tailored to provide greater resistance to the glass tank 
environment. 

Yttria and zirconia compositionsresultedin improved corrosion resistanceascomparedto 
the alumina control, modified versions of these materials seem promising in this 
application. Solid cylinders of zirconia and yttria used for the industrial glass tank 
corrosion study fractured during useor upon cooling due to thermal stressescausedby the 
geometries of the test specimens. 

Tube geometries are far superior to solid cylinders because the thermal gradient that 
develops is much less severeresulting in reduced thermal stressdevelopment. 

Due to the time constraintsof the project, we were not able to fabricate a yttria or zirconia 
sheathto our specifications for the test. Our researchin this areais continuing. 

Additional researchon sheathmaterial is being conductedin a cooperativeproject with the 
Los Alamos National Laboratory. 

$.2 IDesign and Fabrication of the Sensor 

Figure 5.2 showsthe connectordetail forthe melt sensor.The outer protective sheathis not 
shown in this drawing. Figure 5.3 provides an enhanced enlargement showing the 
insulator components at the tip of the sensor. The tip contains the sensorelements that 
provide the matrix of data signals for the remote electronics used to validate the 
temperature readout. Figure 5.4 provides additional details of the connection/wire 
feedthrough for the melt tank sensor. The construction of the connector is critical to the 
proper operation and life of the sensor. 

Figure 5.5 is an outline drawing of the entire sensor, showing its basic features. Figure 5.6 
is an outline drawing showing general physical proportions of melt tank sensor. Finally, 
Figure 5.7 shows the details ofwire element terminations for the melt tank sensor. 
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Coming, Incorporated, asa partner in this pro.jectagreedto allow use of two of their melt 
furnaces for testing of the SVS sensors. 

In order to maximize the results of the testing, it was agreedthat two different furnaces 
would be utilized for the test. One of the furnacesis anoxy-fuel furnace andthe secondis a 
regenerative furnace, eachoperating at different temperaturesand eachwith a different 
environment. In addition to the different firing methodologies,the glass composition for 
eachfurnace was different. This provided the opportunity to look at temperature,cycling, 
and slightly different melt composition factors in evaluating sensorperformance. 

6.2 l-ocations Selected 

Because these installations were passive systems (not connectedto the furnace control 
system),the ports selectedfor installation were located away from both the chargeend and 
the refiner end. One of the criteria for selection was to find a location where there were 
adjacent sensorscurrently installed and operating sothat datafrom those sensorscould be 
collec1:edand comparedto the svs sensor.This would allow for estimation of Test Port 
Temperaturesbasedon Corning experience. Becauseof the large massof the melt, andthe 
tight tolerancesin temperaturecontrol, the furnace temperaturesarefairly constant. In the 
regenerativefurnace, although there are swings in temperature,they maintain a high level 
of consistency. Thus, the performance of the SVS sensor could be determined by 
comparing the readings of the adjacent sensors,with the SVS sensor. 

6.3 Installation, Start-up, Checkout and Training 

In April of 1999,two SVS sensorswere installed in the previously selectedmelt tanks at the 
Corning facility. A teamof AccuTru andCorning employeesaccomplishedthe installation. 
Thesesystemswere defined as"passive" in that they were not integrated into the existing 
melt furnace control systems,but ratherwere stand-aloneunits with temperaturedisplayed 
on a separatedataterminal. 

OXY-l~UEL INSTALLATION 

One systemwas installed in an oxy-fuel melt tank. The dataterminal was installed and the 
remote electronicsunit was then installed in an areaadjacentto the furnace. One concern 
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was the high ambienttemperaturesin the areaandtheir possibleaffect on the performance 
of the electronics module. Temperaturemeasurementswere taken and it was determined 
that the electronicswould seeatemperatureof up to 70°C. To minimize possible radiation 
heating of the containment box for the electronics, an insulation blanket was installed on 
the cover of the box. 

The wiring of the remote electronics to the data terminal in the control room was made 
using standard shielded pair communications wires to provide a data link between the 
electronics module andthe dataterminal. The length of the cablerun was approximately 75 
feet. 

The final stepsin the installation of the first sensorwere the connection of the sensor's 
extension wire to the remote electronics module. Upon completion of this task, the sensor 
was preheatedby placementon top of the crown for approximately onehour. Then the port 
in the melt furnace was opened and the sensorplaced at the top of the opening to further 
preheatthe ceramicsbefore full insertion. After I minute, the sensorwas placedin the port 
andthe systemwas activatedto begin datacollection. A wiring diagram of the installation 
may be found on page6.3. 

REGENERA TIVE INSTALLA TION 

The secondsensorwas installed in a regenerativemelter. Becauseof the location of the 
furnace and port, the installation was somewhatmore complex, requiring longer runs of 
both extension wire and communications cable with the extension cable being 
approximately 75 feet in length and the communications cable approximately 200 feet 
long. In addition to testing of the sensor performance, this instaJlation provided the 
opportunity to determine any artifacts that might be introduced by differing extension and 
communication cable lengths. 

The remote electronics module was attachedat the end of the furnace, as contrastedwith 
the Oxy-fuel installation, which was installed at the sidelocation. This location was further 
away from the furnace and thus ambient temperaturewas not considered a problem. The 
communications cable was then connected fi'om the remote electronics unit to the data 
terminal. This cablerun was approximately 200 feet, andwas routed into anotherbuilding, 
where the control room was located. 

The extension cable was then connectedto the sensorand the measurementport opened. 
The sensor was preheated for approximately 1/2 hour in tank ambient air and 
approximately 1 minute at the top of the port opening. Then the probe was slowly inserted 
into the test port, which took approximately one minute.. The extension wire was then 
connectedto the remote electronics unit and the data collection function was activated. A 
wiring diagram of this installation may be found on page 6.4. 
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6.3 TIRAINING 

Coming Incorporated staff memberswere oriented on the operation of the SVS system. In 
addition to monitoring the temperatures,the staff memberswere shown how to download 
data collected from the sensors and forward the disks to AccuTru for analysis and 

interpretation. 
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7.0 Mid-test Nlodifications 

One of the unknowns was the perfomlance of the sensorandelectronics in anenvironment 
with considerable electrical "noise." The designofboth the board and extensioncable had 
considered the need for protection against plant noise, but it was anticipated that some 
modifications to the electronicsmight be required to make certainthat errorsintroduced by 
plant noise were eliminated. 

Mter an initial period of testing, it was deternlined that the electrical fields in the 
environment of the furnaceswere indeed introducing noise in the signals being processed 
by the electronic units. This was significant enough to causesome of the internal sensor 
readings to be outside of tolerances. It did not meet the design criteria AccuTru had 
established for the electronics. Two mid cours,emodifications were made to improve the 
performance of the electronics. 

First, AccuTru's electronics alliance partner developed a revised strategy and design for 
electronics noise rejection and produced two modified microprocessor boards. These 
boards were testedin the lab and a new setof calibration datawas generatedand installed 
on the boards. The boardswere then shippedto Corning and installed in place of the two 
original boardsby Corning personnel.The improved boards made a marked improvement 
in the tightness of the calibration matrix and increased the overall confidence in the 
measurements. 

Somewhat later a second modification was also suggestedto improve grounding of the 
shield of the extensionwire cablefrom the probesto the electronics package.This required 
attaching the cable shield to a different point on the board. A set of jumpers with 
instructions for installing them was shippedto Coming andinstalled by Corning personnel. 
This modification made another incremental improvement in the tightness of the 
calibration matrix further increasing confidence in the measurementoutputs. 

Somefurther testing of different grounding points for unusedwires in the extensioncable 
was conducted at AccuTru's request. However, no additional substantial modifications 
were made. 
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8.0 Beta Test Data Collection, 

8.1 General 

Two AccuTru SVS Sensorswere installed in melt tanks at the Corning facility on Apri129, 
1999. Since that time, data has been transmitted faithfully by Corning personnel to 
AccuTru for extraction and analysis. Output data from the sensorsin the form of Daily 
Average temperatureshasbeenplotted in Figure 8.1. The Sensorinstalled in the Oxy/Fuel 
Melt Tank, is referred to as the "Red" Sensor.This sensorhas recorded a fairly steady 
temperature in the rangeof about 1520degreesC throughout the test period. The second 
Sensor,referred to as the "White" Sensor,was installed in an Air/Fuel Melt Tank. The 
White Sensorhasrecordeda temperaturein the rangeof 1630degreesC during most of the 
test period. As canbe seenin Figure 8.1, a period of reducedtemperatureoperation of the 
one tank occurred near the end of July during which the temperature of that tank was 
reduced to around 1200 C. The small gaps in the graphs are becauseof missing data for 
those time periods. Both the Red and White Sensorshave performed reliably since they 
were installed and were continuing to generatereliable measurementsas of 11/21/1999 
when this report was generated. 

Sensor data is gathered and processed by the AccuTru microprocessor board more 
frequently than onceper second.It was determinedthat a one-minute sampling frequency 
was appropriate for this test. Therefore, temperatureoutputs from the sensorsarerecorded 
by the AccuTru systemat one-minuteintervals. Data files for both sensorswere transmitted 
on a weekly basis from Corning to AccuTru. 

There is considerable electrical noise in the plant. Some shielding and filtering 
modifications had to be madeto isolate the electronics from induced currents. Seesection 
7.0 for details. 

For comparison purposesthere are standardComing sensorsreasonablycloseto the SVS 
test probes in both tanks. 

8.2 C~xylFuel Melt Tank 

The Oxy/Fuel melt tank is a large scaleindustrial melter. The Red Sensoris installed in the 
crown of the tank measuring the temperature of the vapor spaceapproximately 10 feet 
abovethe molten glass.Figure 8.2 showstemperaturehistory fora typical24-hourperiod. 
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The sensoreasily picks up the relatively small variations in temperaturein this tank. Figure 
8.3 plotted on an expandedscaleillustrates the sensitivity and responsivenessof the Red 
Sensorover the sameperiod. 

The Red Sensorhasbeenin a "Green" condition signifying that it is healthy over the entire 
time since it was installed in the tank. This meansthat the temperatureoutput of the sensor 
is traceable back to a NIST" standardand is within at least standardlimits of error for a 
platinum type sensorat this temperature. (See Section 8.5 on StatusIndicators) 

8.3 Air/fuel Melter Tank 

The Air/Fuel melt tank is also a large scale manufacturing melter. The White Sensor is 
installed in the crown of the tank measuring the temperature of the vapor space 
approximately 10 feet above the melt. Crown temperatures are used for temperature 
control of the melt and good models of temperatureprofiles in the tanks exist. Figure 8.4 
shows temperaturehistory for a typical 24 hour period. 

The temperaturein the tank cycles about 20 degreesevery 20 minutes. Figure 8.5 showing 
this cycling over a 2-hour period illustrates the sensitivity and the responsivenessof the 

probe. 

The melt tank in which the White Sensoris installed went through a period of reduced 
temperature operation for several days in July during which it was cooled down to about 
1200 C (refer to Figure 8.1). The White Sensorwas in a Yellow or "Caution" condition 
when first installed. When the improved electronics were installed it went to a Green or 
"OK" status but several days later went back to a Yellow or "Caution" condition. The 
Yellow or caution condition indicates that there is still sufficient data to ensurethat the 
sensoroutput is traceableto a NIST Standard,but that someof the elements of the sensor 
may have becomeimpaired. 

This demonstratesthe key validation statusfeature of the SVS System,which is its ability 
to warn the operator in advance of possible deterioration of the sensor probe or 
compromising of the measurementsignals. A more detailed explanation of this feature is 
presentedin Section 8.5 StatusIndicators. Even though it is in the Yellow condition, the 
White sensor continues to perform satisfactorily and provide validated NIST traceable 
readoutsasthis report is written despitebeing somewhat impaired. 

While the White Sensorwas greenimmediately following the installation of the improved 
electronics,the overall confidence level hasnever beenashigh asthat of the Red Sensor.It 
appearsthat there is more electrical noise affecting the White Sensorthan the Red. There 
could be more electrical induced noise in the vicinity of the White Sensor. Also, the 
extensioncable required for the White Sensoris somewhatlonger than for the Red and the 
communicationscableto the control room is considerably longer. It alsoturns out that there 
is alarge variable frequency drive much nearerto the White Sensorthan to the Red. It is not 
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known precisely what is the sourceof greater noise pickup. Field testing to detennine the 
frequency of the noise can be doneto pinpoint the source and eliminate it's effects. 

8.4 Probe Accuracy 

One of the objectives of the test was to demonstrate the accuracy of the SVS Probe 
readings. The Red SVS Test probe in Oxy/Fuel tank is installed between two existing 
Coming standardprobes(Corning SensorOF-l) and (Coming SensorOF-2). The White 
SVS Test probe is installed in Air/Fuel tank downstream of Corning standard probe 
(Coming SensorAF-l). Both SVS Test probeshave performed reliably and tracked their 
respective comparison sensorsfor over 6 months. They are continuing to provide validated 
temperatures asthis report is being written. 

8.4.1 "Red" Sensor 

In this Oxy/Fuel Tank, one of the comparative sensors (Corning Sensor OF-l) is 
approximately 4 feet towards the chargeend of the tank from the Red SVS test probe. The 
second comparison sensor(Corning SensorOF-2) is approximately 10 feet towards the 
discharge end of the tank from the Red SVS test probe. Coming collected daily average 
readings from the both of the comparative sensorsfor comparison with the readingsfrom 
the Red SVS TestProbe. Red SVS SensorDaily averagevalues were calculated from the 
data collected at one-minute intervals. This data is plotted in Figure 8.6. 

Note that there are some interruptions in the data collection on Figure 8.6. These 
interruptions were causedby either lack of datafrom the Corning system,or when the data 
collection and archival systemfor the SVS systemwas inadvertently shut down. Note that 
thesefigures do not show significant drift over the period of time shown on the charts. This 
is not untypical for platinum -platinum/rhodium thermocouples. The shift in temperature 
may be suddenand dramatic. For example, we have industry data showing that a sensor 
may drift asmuch astwenty degreesin aperiod of severalminutes, while previously, it was 
exhibiting a constanttemperaturereadout. 

Corning SensorOF-1,4 feet upstream,reports consistently about 30-40 deg C higher than 
The Red SVS probe and Corning SensorOF-2, 10feet downstream, reports about5-15 deg 
C lower. There is no true reference standard in the tank so we do not know the true 
temperaturesat any of the measuringpoints. The Red SVS Sensoris reporting betweenthe 
two standardprobes where it would be expected to be and the profile is also about what 
would be expected. 

Soonafter installation of the AccuTm SVS test probesand transmitters, it was noticed that 
considerablenoise was being picked up by the electronics. This is discussedin Section 7.0 
Mid- Test Modifications. Improved electronic transmitters were developed by AccuTm 
and installed by Corning on 6/30/1999. A major improvement in noise rejection was seen 
on both test probes. 
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A modest shift downward in the output of the Red test probe temperatureis suggestedby 
the data after the improvements to the electronics package.Unfortunately, data for the 2 
days immediately preceding the change was not captured. Subsequent trending and 
comparison with the Coming SensorOF-2 sensorsuggeststhat the shift was fairly small. 
Certainly, after the improvement in the electronicsthe tracking and comparison ofCorning 
SensorOF-2 and the Red test probe are very good. However, since the gap between them 
has been widening somewhatlately, it may be that Coming SensorOF-2 is beginning to 
drift from true. 

8.4.2 "White" Sensor 

In the Air/Fuel regenerativetank, Coming SensorAF-1 is approximately 2 feet towards the 
chargeend of the tank from the White SVS TestProbe. Corning collected hourly readings 
from the Coming SensorAF -1 for comparison with the readingsfrom the White SVS Test 
probe. Due to the fairly significant 20minute/20degreetemperaturecycle in this tank it was 
not appropriate to try to comparedirectly to the hourly numberswhich are being gathered 
by two independentsystemsunder thetest conditions. Daily averagesfor both probeswere 
calculated and are plotted in Figure 8.7. This figure showsthe sameinterruptions in data 
collection as seenin Figure 8.6. 

Again, there is no true referencestandardin the regenerativetank sowe do not know the 
true temperatureat either of the measuring points. Coming SensorAF -I (2 feet upstream) 
reports consistently about 20-25 degrees higher than the White SVS Test probe. This 
difference is a similar relation to the 30-40 degreesdifference between Coming Sensor 
OF-I (4 feet upstream)andthe Red SVS test probe. The sensorstrack eachother very well 
through the "shutdown" period as well as during stable operation. 

After improvements to the electronics, there appears to be a more significant shift 
downward in the output of the White SVS test probevs. the Coming Coming SensorAF -1. 
This sensorwas experiencingmuch higher electronic noise interference than the Red SVS 
test probe. Some of the shift can be attributed to the new electronics and their new 
calibration parameters.Notably, there was also a slight downward shift in the data from 
Coming SensorAF -1 at the sametime. Sincethe two systemsare completely independent 
of one another except at the tank, it is possible that some shift in the overall operation 
occurred. This could be dueto a real processchangeor possible physical movement of the 
sensorsthemselveswhich are in close proximity to one another.Tracking and comparison 
of the two sensorsduring the entire test period is quite good. 

8.5 Probe Life 

Both SVS Test probes have perfonned reliably and tracked their respective comparison 
sensorsfor over 6 months.Nonnal averagesensorlife for all of the sensorsin this serviceis 
6 to 48 months, dependingupon location, for both the Oxy-Fuel melter at about 1520C and 
the Air/Fuel tank at about 1630 C. However, normal sensors are platinum coated for 
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protection and not bare ceramic. Furthennore, nonnal sensorsdo not tell you when they 
begin to drift nor do they quantify the drift. SeeSection8.6 on Statusindicators. SVS Test 
probes have exceeded life expectancy for uncoated ceramic tubes in this service and 
continue to report validated temperaturesasthis report is being written. 

8.6 S1:atus Indicators 

SVS Sensorsare equipped with a unique validation and reporting systemthat checks and 
reports sensor"Status" at regular intervals. Sensorstatusis validated by comparison of the 
primary sensor readout vs. a calibration matrix inside the sensor.Multiple readings of 
several different properties of the thermally sensitive materials inside the sensor are 
combined in sucha way asto eliminate the possibility of individual element drift without 
detection. Since drift can be detectedand quantified, user defined toleranceson accuracy 
can be specified. 

The SVS Sensorsin this test aresetto maintain readingswithin StandardLimits of Error for 
a Platinum Type sensorat this temperaturerange.For an "S" and "R" sensor,this is .25% 
and for a "B" Type sensor,it is .5%. 

Statusis typically reported by displaying the sensor output on a Green, Yellow or Red 
background and reported in words as either "OK", "Warning" or "Failed" respectively. It 
can alsobe reported asa scalarparameterrepresentingthe level of confidence in the sensor 
output. This is illustrated in Figure 8.8 where' the status indicator for the Red Sensoris 
plotted asPercentageHealth. After improved electronic transmitters were installed the Red 
Sensorstatus indicator has been steady at nearly 99%. In Septemberand October some 
cableshielding "improvements" were attemptedbut were unsuccessful.They were undone 
again on the Sth of November and the health indicator returned almost to where it was 
before the changesand is in a slight downward trend. 

As reported earlier, the Red Sensor has beeniin a "Green" condition since it was first 
installed in the tank. A Greencondition correspondsto a statusindicator of 97% or above. 
A Green condition indicates that the temperature output of the sensoris validated to be 
traceableback to aNIST standardand,in this case,is within at least standardlimits of error 
for a platinum type sensorat this temperature.It is clear from the Statusindicator for this 
sensorthat the noise rejection was improved when the new transmitters were installed. 

When drift or other impainnent of the sensorreadoutsis detectedthat could eventually lead 
to inability of the sensoroutput to be validated, the sensorstatusis changedfrom Greento 
Yellow or "Warning". The White Sensoris in this condition. This is shown in Figure 8.9 
where the statusindicator for the White Sensorhas fallen below 97%. 

Prior to the improvement in the electronics, the White Sensorstatuswas somewhaterratic 
and mostly in a Yellow or "Caution" condition. Immediately following the installation of 
the improved electronics, statuswent to Green for severaldays and then later droppedinto 
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the Yellow range. After the "shutdown" it has consistently indicated the Yellow or 
"Caution" condition. 

The Air/Fuel regenerativetank is operating at a higher temperature and has experienced 
significant cycling of temperatureincluding the "shutdown" for severaldaysto about 1200 
C. Its status was most probably Green when first installed if measuredby the improved 
electronics, but went to a Yellow or "Warning" conditionjust prior to the "shutdown". The 
yellow condition indicates that while there is still sufficient datato ensurethat the sensor 
output is validated and traceableto a NIST Standard,someof the elementsof the sensor 
may have become impaired. The sensoroutput, however, is still within standardlimits as 
defined above. 

This illustrates the statusfeatureof the SVS System,which is its ability to warn the operator 
in advance of possible deterioration of the sensor probe or compromising of the 
measurementsignals.The operatorcanthen plan to replacethe probe atthe next convenient 

opportunity. 

If enoughof the readoutsfrom the internal elementsof an SVS Sensorbecomeimpaired so 
that the System can no longer validate the output, it will changeto a "Red" status.This 
would correspondto a statuslessthan 94% andwould indicate that the temperatureoutput 
can no longer be reliably validated astraceablewithin the prescribed limits andthe sensor 
probe should be replaced. Even in a Red condition the sensor output is as good as the 
readoutof any standardsensorbut the Red condition indicates it canno longer be depended 
upon. At this time, however,the both SVS Sensorsare still performing satisfactorily and is 
providing validated NIST traceable readouts. 
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9.0 

9.1 As of this writing, both of the systemsare still in serviceand operating. The Oxy!Fuel 
Tank systemis operatingin agreencondition andthe Air!Fuel Tank systemis operatingin a 
yellow condition. The accomplishments listed in the following chart reflect the data 
collected to date. 

Phase II 
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Target Temperature System Requirements vs. Results To Date. 

AccuTru International developeda proposed setof target requirementsbasedon a survey 
of glassmanufacturers. The datacollected from this studywas usedto establish our target 
objectives for the project. 
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In summary, the beta test has been satisfactorily completed. 

Two SVS Self-validating SensorTestprobeswere installed in commercial operationin two 
separateoperations at a selected Coming, Incorporated facility as outlined in the Phase 
Two test plan. 

These two sensorshave performed satisfactorily for over 6 months providing validated 
temperaturedata and continue to perform well asthis report is being written 

Output data from the two SVS Test probes compareswell with standardsensorprobesin 
the sametanks in close proximity to the test probes. 

In one casethe SVS Sensorprobe in the more severeservice appearsto have begun to 
become impaired to a degree that it is indicating a "Warning" condition while still 
providing validated temperaturedata. 

During the testperiod somesuccessfulimprovements to the electronics andthe installation 
setupwere madeto increasenoise rejection and isolation. 

All of the objectivesof the PhaseII Beta Testhavebeenhavebeenachievedor exceeded. 

11.0 Observations and Conclusions 
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12.0 Commercialization 

12.1 IMarket Demand 

The benefits of the self-validating temperaturemeasurementtechnology (SVS) to the glass 
industry are discussed in Section 2.3. The Inter-industry applications and benefits are 
discussedin Section 2.4. As of this writing, severalcommercial applications of the SVS 
technology are in service. 

12.2 Meeting the Demand 

The following are several comments from SVS users that appearedin The Instrument 
Society of America's July, 1999InTech magazine. 

Matt Polhlman, Senior Engineering Specialist, AlliedSignal, Torrance, California 

"One self-validating temperature-sensing system has been installed at AlliedSignal's 
Torrance, Calif. Facility. The new temperature-measurementsystem solved a major 
processproblem and paid for itself in less than a month." 

Dr. Marty Sorensen,Manager, Applied Materials and Technologies Group, Lockheed 
Martin Idaho Technologies/INEE 

"We tested an svs self-validating temperate sensor,which used advanced contact probe 
technology, in a laboratory-scale, Joule-heated, refractory lined glass melter. This 
innovative temperatureprobemonitors met temperatureat any given chamberlocation and 
reportsto a dataacquisition system,providing us with real-time, molten glasstemperature. 
Test results indicate the self-validating sensorprobe is more accurate and reliable than 
classicplatinum-rhodium thermocouple and sheathedassembliesusedpreviously. INEEL 
is planning on using this new technology in our HAW pilot plant." 

Don Droner, Senior Engineering Technician, Corning, Incorporated 

"The preliminary results of the Beta tests in our two furnaces are very encouraging. The 
thermocouplesin the melters have beena problem in the glass industry forever. The SVS 
systems are performing well over the test period and are lasting longer than we had 
anticipated. The benefits of this technology could be significant." 
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Gary Carrier, Senior Engineer, DuPont Victoria Operations 

" At DuPont's Victoria, Texas facility, operators needed responsive, accurate, and 

repeatabletemperaturesensorsthat could survive a harsh,high-temperatureenvironment. 
Our incentive for installing the new sensortechnology was improved yield and longer 
catalyst life in a high-value application. Self-validation is another key driver, because 
knowing if your measurementhasbeencompromisedor degradedhastremendousvalue in 
our process. Early results arevery impressive and we are planning to install additional 
probes to complete our yield improvement program." 

Manufacturing 

AccuTru is currently assemblingandtesting all models ofits SVStechnology at its location 
in Kingwood, Texas. Several sub-tier suppliers are providing components. AccuTru is 
considering and entertaining offers to license the manufacturing of SVS to severalmajor 
instrumentation companiesthat can meet the anticipated demand. Thesecompanieshave 
the proven quality control, manufacturing facilities and technical personnel to 
economically produce this technology. 

Distribution 

Presently AccuTru 's staff is handling the limited distribution efforts. In order to bring this 
technology quickly to the glass and other thenI1ochemical industries a well-established 
distribution system needsto be employed. AccuTru is entertaining offers from several 
instrumentation companiesto market the technology. AccuTru anticipates this systemto 
be operational by first half of 2000. 

12.5 Advertising and Promotilon 

AccuTru will be making formal presentationsof this project result to Coming Incorporated 
and other interestedglasscompanies. AccuTru also plansto presenta paperto oneor more 
professional societiesandprovide an article to severalappropriatetrade publications. It is 
anticipatedthat the marketing arm of the licensee, discussedin 12.4,will present,sell and 
service the technology in the U.S. glassand other interested industries. 

12.6 Future Applications 

As this technology continues to prove itself in tough temperature measurementproblem 
areas, the value of validated temperature data is become a real source of economic 
improvement. Other applications in the glass industry, other than the glass melter, are 
becoming apparent. Inquiries from other industries are expanding andit is anticipated that 
by the endof the next decade,self-validating temperaturemeasurementdeviceswill be the 
standardfor most thermochemical industries. 

12- 2 



This project was initiated to develop a new type of temperature sensor for the glass 
industry, one of the sevenindustries identified asheavy usersof energyby the DeEartment 
of Energy.Current energy usageby theseindustries is approximately 300.0x 10 2BTU' s 

of energy annually. AccuTru International undertook this project in associationwith the 
Department of Energy, Corning, Incorporated, Owens-Corning, Anchor Glass Container 
and Libbey-Owens-Ford. 

The initial phase of the project included a definition of the required features for an 
advanced sensor. These-requirementsincluded a more rugged, reliable sensor,a higher 
quality inner protective sheath,improved datatransmission, an improved outer protective 
sheath, and a method for reducing or eliminating decalibration of the sensor while in 
service. Further, the companies were looking for improved accuracy, improved 
repeatability, longer life, and easeof replacement. 

PhaseI of the project tested and validated the meth9dology for the self-validation of a 
sensorwhile in service. Researchon the development of protective sheathmaterial was 
conducted. However, given the time frame of the project, it was not possibleto develop a 
new protective sheathmaterial. Testsconducted as part of the project determinedseveral 
candidate materials, which are still under study for further development. PhaseII of the 
project tested the performance of prototype sensors in a typical manufacturing 
environment. 

Laboratory testing showsthat the systemstested operated satisfactorily to 1700°C. Data 
generatedby the systemindicates that the system's accuracy is in the range of +1- .25%. 
Becauseof the limitations of testing in anindustrial setting,it was not possibleto determine 
repeatability without independent traceable standards. However, in laboratory testing of 
the sensors in somewhat lower temperature ranges shows that the systems meet the 
repeatability requirementswithin the establishedparameters. 

After completion of bench testing, two sensorsystemswere fabricated for installation in 
selectedmelters at Corning Incorporated. To testthe systemsin different environments,an 
oxy/fuel andan air/fuel furnace were selectedfor the installation. The materialsusedin the 
construction of both the inner and outer sheathare commercial alumina protection tubes 
that were further processedusing AccuTru's proprietary technology. It was estimatedthat 
the life of the sensorswould be approximately three months since the alumina tubeswere 
not covered or coatedwith platinum. 
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Both sensorswere preheatedprior to insertion andshowedno thermal shockupon insertion 
into the melt tank. The sensorswere placed on the crown of the tank for approximately 1 
hour, then preheatedin thetop of the port for severalminutes beforebeing inserted into the 
furnace atmosphere. The insertion depth was approximately 2 inches into the furnace 
atmosphere. Laboratory testing showed no thermal shock failure in sheathmaterials that 
were not preheated. 

The manufacturing testing identified the needto improve noise rejection for the sensor's 
electronics. In addition to improving the noise rejection of the electronics units, 
improvements to the grounding systemwere made. It should be noted that these systems 
were installed on a temporarybasis,andthe wiring wasnot installed in conduit, nor was the 
system connected to instrument power and ground. It is possible that some noise 
introduced into the system was as a result of not having clean power and ground. 

The two test sensorswere still operatingwithin limits-or-error afterten months oruse. One 
of the sensorsis operatingin the "green" condition, indicating that it is healthy. The second 
sensoris operating in the "yellow" condition, showing that there may be someimpairment 
or the sensorbut that it is still generating a valid temperature output. 

Development of advanced sheath materials is continuing. Commercialization of the 
technology is moving forward, with installation of systemsin multiple glass companies. 
All of the objectives of both Phase I and the PhaseII Beta test have been achieved or 
exceeded. 
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14.1 I)roject Review Meeting 

AccuTru is planning aproject review meeting at Corning during January,2000. Hopefully 
the group will include representativesofDOE, lNEEL, and Corning. We plan to visit each 
of the companies participating in PhaseI individually. 

.2 Postmortem of Sensor 

At the complerion of the test, a postmortemexamination of the sensorswill be conductedto 
determine their failure mechanisim and assist in further refinement of the design. 

Presentation of Paper 

AccuTru plans to presenta paperon this project to at least oneprofessional organization in 
the first quarter of 2000. 
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